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INTRODUCTION 
Microballoons are tiny, hollow, thin-walled, glass spheres ranging in diameter from 
- 1 to 160 11m. They are commercially available in bulk for use as low cost, lightweight 
filler to be mixed with resins and other materials. As reported last year, the unique properties 
of microballoons have been exploited in a number of instances for recording the maximum of 
a pressure excursion [1]. To understand the technique, consider first what happens when 
microballoons are mixed in a carrier fluid, placed on the surface of an Acoustic Emission 
(AE) transducer and then subjected to a pneumatic pressure. Since the microballoons within 
a typical sample exhibit a random distribution of rupture strengths, the weakest burst first as 
the pressure increases. As the microballoons break they give rise to AE events which are 
easily detected by the transducer. A typical plot of the number of events versus pressure is 
presented in Fig. 1. If the mixture had been pre-pressurized to Po, little AE activity would 
have occurred on the ramp up to Po (the weaker balloons having already burst), followed by 
an abrupt onset in AE. This manifestation of the Kaiser Effect [2] is evident in the data of 
Fig. 2, where Po = 100 psi. In this manner, Po, the maximum pressure to which the 
mixture has been subjected, can be determined by detecting the abrupt onset of AE events 
upon repressurization of the mixture. A mixture, such as grease and microballoons, for 
instance, can therefore be placed at strategic locations on a structure to be "read" at a future 
date to determine the maximum pressure to which each location had been subjected. 
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Fig. 1. Histogram of the number of acoustic emission events from a sample of 
microballoons as a function of pressure. 
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Fig. 2. Histogram of the number of AE events from a sample of microballoons which had 
previously been exposed to 100 psi. 
The experiments which are described below were performed to gain a better 
understanding of the mechanisms responsible for the AE signals which occur upon 
pressurization of a fluid containing micro balloons. The information gained should prove 
useful in improving and extending the use of the basic technique outlined above. 
ENERGY OF MICROBALLOON BREAKS 
The acoustic energy detected by the AE transducer comes from the sudden release of 
energy stored in the micro balloon when it breaks. An event from a single microballoon 
generates sufficient acoustic energy to be detected as shown in Fig. 3. The energy comes 
from two mechanisms: the strain energy in the glass walls and the work done by the fluid 
when it changes volume (~V) to occupy the microballoon's interior. The work done by the 
fluid (Ew) is given by Eq. (1) and is linear with pressure (P). 
Ew = P~V 
The strain energy in the glass can be calculated from the energy of a spherical shell at a 
constant external pressure and is given in Eq. (2). 
Es = (p2 1t r4/t E) (l-v), 
(1) 
(2) 
where E is the modulus of the glass, v is Poisson's ratio, r is the radius of the sphere and t is 
the wall thickness. 
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Fig. 3. The waveform of single microballoon AE event recorded using a broad band 
1 MHz transducer. 
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Fig. 4. Histogram of the total energy released from the micro balloons as a function of 
pressure. 
Figure 1 shows that the number of events increases linearly with pressure. It is not 
immediately obvious why the linear fit does not go through the origin. If the energy released 
during each event stems from the work done by the fluid then it also is linear with pressure 
(see Eq. 1) and the total energy should go as the square of the pressure. If the energy from 
each event was stored in the walls, Eq. 2 applies and the total energy will be cubic. 
The data in Fig. 4 is a histogram of the total AE energy released from the micro balloons 
as a function of pressure. The two solid lines represent the best fit of the data using either a 
square or a cubic term. Since the data seems to match the squared term more closely, it is 
reasonable to assume that the work the fluid performs is the predominant energy source. 
ACOUSTIC EMISSION RATE AT CONSTANT PRESSURE 
Microballoons were mixed with an ultrasonic couplant (Sonotech™) containing water. 
The mixture was placed on the surface of an AE transducer and pressurized to 100 psi. The 
AE signals were then monitored. The number of AE events detected as a function of time are 
plotted in Fig. 5. The AE signals continue much longer than one might initially expect. 
Though the event rate declines rapidly with time, it is still detectable at the conclusion of the 
ten minute hold. This is a manifestation of the static fatigue phenomenon which is well 
known to occur in glass [3]. In other words, flaws in some of the microballoons propagate 
under the load until (given enough time) their rupture strengths are reduced enough for them 
to burst under the load. When the same experiment is performed using a non-aqueous grease 
the AE event rate declines more rapidly than that of Fig. 5, suggesting that moisture in the 
mixture aids in the growth of flaws. 
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Fig. 5. Histogram of the number of AE events for a sample of microballoon-impregnated 
Sonotech™ held at 100 psi. 
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Fig. 6. Histogram of the number of AE events from a sample of microballoons which had 
previously been exposed to 100 psi in air without couplant. 
DEVIATIONS FROM THE KAISER EFFECT 
Careful scrutiny of Fig. 2 reveals a number of events which occurred before 100 psi. 
This "pre-noise" limits precise pressure determinations. Experiments were performed 
varying the couplant materials to study their effect on pre-noise. The pre-noise was most 
evident when the micro balloons were pre pressurized in air without any couplant. Of course, 
couplant was used during the AE test and the results are presented in Fig. 6. It can also be 
noted that the transition is no longer as abrupt as that of Fig. 2, but rounded. This effect 
may be explained by static fatigue, but it seems unlikely that this effect would cause some of 
the microballoons to lose substantial amounts of their strength, as evidenced by the AE at 
pressures substantially less than 100 psi. 
To investigate this issue further, equipment was manufactured to allow visual 
monitoring of the micro balloons simultaneous with acoustic detection. Figure 7 shows two 
successive frames from a video tape of some microballoons under pressure. The 
microballoons are in a water suspension. The frame on the left shows 30 intact 
microballoons, whereas the next frame shows only 23. The obvious conclusion is that the 
shrapnel or pressure wave from one balloon sets off others in a chain reaction. In addition, 
one would assume that a number of neighboring microballoons are damaged so as to reduce 
their strength, but not broken. This reduction in strength would account for the observed 
pre-noise. This effect is minimized by placing the balloons in a viscous fluid to contain the 
shrapnel or by mixing them with talc. 
Fig. 7. Successive frames from a video recorded during a slow pressurization of 
microballoons suspended in a drop of water on an AE transducer. The number of 
microballoons was reduced from 30 in frame A to 23 in frame B. Some fragments of the 
broken microballoons are evident in frame B. 
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SUMMARY 
Though the use of microballoons as "smart" materials to measure pressure maximums 
is straightforward and has been successfully implemented, the underlying mechanics are 
somewhat subtle. For instance, the fact that the linear fit in Fig. 1 does not pass through the 
origin has not been satisfactorily explained. On the other hand, AE energy data suggest that 
the work the fluid forms upon microballoon breakage is the predominant acoustic energy 
source. In addition, when pressurized in a fluid medium, microballoons interact and the 
properties of the medium effect the amount of pre-noise observed. Finally, the AE energy 
from a single microballoon event is detectable and further study of the isolated waveforms 
may lead to additional clarification of the mechanisms involved. 
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